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FOREWORD

This project was performed under the National Shipbuil ding Re-
search Program The project, as a part of this program Is a
cooperative cost shared effort between the Maritine Administra-
tion and Avondal e Shipyards, Inc. The devel opment work was accom
plished by Associated Coatings Consultants under subcontract to
Avondal e Shipyards, Inc. The overall objective of the programis
i mproved productivity, and therefore, reduced shipbuilding costs.

The studies have been undertaken with this goal in mnd, and have

followed closely the project outline approved by the Society O

Nogva_l Architects and Marine Engineers’ (SNAME) Ship Production
mittee.

M. Benjamin S. Fultz of Associated Coatings Consultants served
as principal investigator. M. John Peart of Avondal e Shipyards
Is the R&D Program Manager responsible for technical direction
and publication of the final report. Program definition and
gui dance was provided by the nmenbers of the 023-1 Surface Prepa-
ration and Coatings Commttee of SNAME.

Speci al thanks are given to the follow ng suppliers for supplying
mat e_r;)lal S and technical direction which nade this project
possi bl e:

Aneron, Brea California

Byco, Belle Chase, Louisiana

Carboline,St. Louis Mssouri

Devoe Marine, Louisville, Kentucky

Farboil, Baltinore, Maryland

Henpel Marine Paints, Houston, Texas

I mperial, New Orleans, Louisiana

I nternational Paint Conpany, New York, New York
Mobi |, Edison, New Jersey

Mobi | e Paint Manufacturing Conpany, Mbile, Al abam
Napko, Houston, Texas

Pf1zer Inc., Goton, Connecticut

Porter Coating. Louisville, Kentucky
Sherwin-WIlIlianms, Ceveland, Chio

Sigma, New Ol eans, Louisiana



Executive Sunmmary

The objective of this project was to continue a series of exte-
rior test performance studies which began in 1978 and 1980 as

ortions of other projects. For a nomnal investnent, the program
as continued for over six years and is now beginning to provide
meani ngful test results. For the first tine, shipyards have
access to data which can be used to evaluate the various generic
coating systens presently on the nmarket. Even though the state-
of -the-art has progressed since the programwas initiated, many
of the products are still available as originally fornulated or
with inproved fornulations. Stated another way, ~ shipyards now
have data which can be used to predict actual coatings perfornan-
ce. As an added benefit, accelerated test nethods are presented
whi ch can be used to screen candidate coating systens.



Project Results
1.1 Project QOverview

This project is a continuation of two performance test prograns
whi ch began in 1978 and 1980. The first program was entitled
"Marine Coatings Performance for Different Ship Areas" and the
second was “CLeanin% of Steel Assenblies and Shipboard Touch-Up
Using Gitric Acid’. Both programs included accelerated |aboratory
testing techniques such as Salt Fog Cabinets and Light-and-Wter-
Exposure Apparatus and exterior Test Fence Exposure (45 Degrees
South ) . This report contains the results of the exterior test
fence performance after six years of exposure and attenpts to
correlate exterior performance with some attributes which can be
tested by accelerated |aboratory test methods. |In addition, va-
rious abrasives were used to prepare the substrate of some panels
prior to coatings application. Four different types of abrasives
were used to prepare panels to which various inorganic zinc
primers were applied, and two types were used to prepare the
panels to which the generic coating systems were applied. The
four abrasives were silica sand, mneral sand, coa slag, and
G.-40 steel grit. The two types were mneral sand and GL.-40 steel
grit.

This report should not be used to qualify, disqualify, conpare or
select a ?lven supplier or system ~ The materials used were stan-
dard, off-the-shelf materials with no controls exercised to in-
sure that the materials were acceptable prior to use.ln addition,
no attenpt was made to control filmthickness to neet manufactu-
rer’s recomendations. In some cases, the products tested have
been refornul ated and/or product designation changed. Some are no
| onger manufactured or recommended for use as tested. The purpose
for presenting the data is to conpare general performance of
various generic materials and to conpare the results to |aborato-
ry testing. It nust also be remenbered that shipyard production
I nfl uences have not been factored into performance.

The results and conclusions of these prograns are as foll ows:

1. Careful selection of laboratory test nethods and eval ua-
tion paraneters, to sinulate service conditions, can
serve as a screening nethod for candidate coatings.

2. Mbst generic exterior coating systenms continue to provide
protection to the steel substrate after 6 1/2 years
exposure even though sone topcoats have fail ed.

3. The degree of undercutting protection provided by inorga-
nic zinc primer does not appear to be film thickness
dependent. O the 56 systens tested, only 16 had any
degree of undercutting. The film thickness of the primers
with undercutting and w thout undercutting varied from 1.8



to 5.8 roils.

4. Mre chlorinated rubber systems failed than any other
generic type tested. This supports the actual case history
anal ysis "of “Marine Coatings Performance for Different
Ship Areas” study which found that inorganic zinc wth
epoxy topcoats outperformed inorganic zinc with chlori-
nated rubber topcoats.

5. Abrasive selection has no neasurable inpact on overall
coating perfornmance.

6. Exterior fade and chal k of topcoats roughly correlate wth
Li ght - and- Wat er Exposure Cabi nets.

7. Salt Fog screening tests can be used for jnorganic zinc
primer provided the priner is allowed to age in an exte-
rior environment for at |east sixty days prior to tes-
ting.

8. Primers applied over citric acid cleaned steel perforned
as well as, or superior to, the sane priner applied over
abrasive blast cleaned steel.

9. O the priners tested, the tw conponent inorganic zinc
provi des the best corrosion protection.

1.2 Cost Savings

Exact cost savings are difficult to define; however, a properly
designed test program can screen proposed candi date aints and
identify potentially poor performers. The cost of such a program
may seem expensive (approximately $5,000.00) until it is renem
bered just how expensive it is to replace the freeboard paint

system of a ship at guarantee survey time; 5 to 6 figure range.

It nust be stressed that any test programbe properly designed
and controlled. Placing steel plates painted MAFh_dlfferent_nate-
rials in the steel storage yard and checking at irregular inter-
vals is not a test program

1.3 Continued Research

The test fence program should be continued to determ ne at what

point significant generic systemor primer failures occur and the
steel Dbegins to deteriorate.

The Salt Fog Cabinet and the Light-and-Water Apparatus subject
the coating systemto different environnental conditions, nanely
salt spray and ultraviolet/water shock treatments respectively. A
testngrogran1should be devised to test the synergistic affects of
a conpi nation of these effects on a coating system One approach
could be to expose coating systens first in a Light-and-Water
Test Apparatus for 200 hours and then in a Salt Fog Cabinet for
100 hours. The test panels would then be cycled between test
environments until coating failure. Si mul t aneously, control



environments until coating failure. Si nul taneously, control
panels with the sane system could be tested in each apparatus
wi thout cycling or renmoval. Results could then be conpared.

2.0 Details of the Program
2.1 Marine Coating System Performance Study

This portion of the test progran1mas initially fornulated to
verify or support actual case histories collected as a part of
t he original "Marine Coating Performance Study”. The exterior
freeboard was selected as a representative area. This area was
chosen because of the availability of the test environnent and
thF gossible potential of collecting adequate numbers of histori-
cal data

2.1.1 Systenms Tested

Table | includes the Paint Systens tested. In general, ten sup-
pliers submtted wet sanples of paint which were product matches
for the generic description of the requested systens. Five

grinary systens were conpared wit-h sone alternates being tested.
he priner in all cases was a solvent based, (alkyl) inorganic
zi nc. The topcoats were pol yam de epoxy intermediate with and
w thout topcoats of either aliphatic polyurethane, silicone alkyd,
or alkyd. The other systems had internediate and topcoats of
ei ther chlorinated rubber or vinyl. The film thicknesses |isted
are actual film thickness neasurenents.

2.1.2 Test Panel Preparation

The steel panels used for testing were ASTM A-36, 6" X 18" X 1/4"
hot rolled plate. Al panels were abrasive blasted to Steel
Structures Painting Council Surface Preparation Standard, ssPc-
SP10,  "Near Wite". Two types of abrasives were used to prepare
the panel s-mneral sand and steel grit. Some systens were applied
over both mneral sand and steel grit Frepared substrates and
some were only applied over steel grit blasted surfaces. A senior
| aboratory technician skilled in paint application applied each
coating. Material application data sheets supplied by each manu-
facturer were used to determne thinning, application and over-
coat time requirenents. No special procedures nor special consi-
derations were granted, and no controls were exercised to preci-
sely control filmthickness.

2.1.3 Test Environnent

The prepared and painted test panels were exposed on an exterior
test rack at 45 South in Jacksonville, Florida less than 100
yards fromthe St. John's River. The St. John's River at this
| ocation has a salt content very simlar to the Atlantic ocean
which is less than 2 mles away.



2.1.4 Evaluation Techniques

Panels were evaluated for rust, chal k, gl oss, cracki ng,

blistering and checking using the follow ng ASTM St andards:
Eval uating the Degree of Rust ASTM D610
Eval uating the Degree of Chal k ASTM D659
Eval uating the Degree of { oss ASTM D523
Eval uating the Degree of Checking ASTM D660
Eval uating the Degree of Cracking ASTM D661
Eval uating the Degree of Blistering ASTM D714

2.1.5. Exterior Generic Coating System Test Results

Table | contains the results of these tests, |[Figures 2.1 [and|2.3

thru 2.8 contain photographs of representative test panels. AS
seen fromthe test data, differences in chalking and percent
change in gloss are easily detected. These results generally
aﬂree with other published test results. Epoxies chalk nore than
chlorinated rubbers and chlorinated rubbers chalk nore than alip-
hatic polyurethane. It can also be seen that in the one case
tested, aliphatic polyurethanes outperform aromatic pol yuret-

hanes. Mbst systems continue to provide adequate corrosion prote-
ction.

Figure 2.1: Vinyl Delam nation from Priner
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Table |: Various CGeneric Coating Systems Exposed On Exterior Test Rack (45 South)

Ceneric Suppl 1 er Abrasi ve Pr duct FiTm Rat 1 ng
Type Type No. Thi ckness (6.5 Yrs. )
I norgani ¢ Aneron GL-40 D6 2.0 10- Rust
zinc Steel Git 3 oss Not Eval uated
Synthetic 54TC 1.5 Flat Finish
Ti ecoat
vi nyl M ner al 99 1.1 10- Rust
Copal yner Sand d oss Not Eval uated
vi nyl 99 3.6 Flat Finish
Copol yner
| norgani ¢ Aneron GL-40 D-6 5.0 10- Rust
Zinc Steel Git 8- Er osi on
Pol yam de 66 3.0
0X
POF{/)amyde M ner al
Epoxy Sand 66 4.0 10- Rust
8- Erosi on
I norgani ¢ Aneron G- 40 D-6 4.0 10- Rust
zinc Steel Git 6-Chalk @1 Year
Pol yam de 383 2.5 87% Loss in GLOSS @
Fpoxy 3 Mont hs
Pol yani de M ner al 383 5.5 10- Rust
Epoxy Sand 6- Chal k @ 1 Year
87% Loss in GLOSS @
5 Mont hs
Inorganic  Anmeron L-40 D-6 4.3 10- Rust
Zinc Steel Git 9 .5-Chalk @1 Year
Pol yam de 71 1.5 50% Loss in Goss @
Epox 1 Year
si [Tcote 5403 2.6
Al kyd M ner al | 0- Rust
Silicone Sand 5403 1.0 9-Chalk @1 Year
Al kyd 50% Loss in Goss @
1 Year
Inorganic  Ameron G.-40 D-6 4.6 10- Rust
zinc Steel Git 9-Chalk @1 Year
Pol yam de 71 1.9 46% Loss in Gless @
Epoxy 1 Year
Al'I'phatic
Pol yur et hane M ner al 2119 1.7 10- Rust
Al phatic Sand 2119 3.7 1/16"Undercut @ Scri be

Pol yur et hane

11

9-Chalk @1 Year
41% 1 o0ss in doss @
1 Year



Table | (con't)

['norgani ¢ Aneron Gl-40 D-6 5.0 | 0- Rust
Zinc Steel Git 1/16" Undercut @ Scri be
Chl orinat ed 2015 2.0 8-chalk @1 Year
Rubber 55% Loss in @ oss @
Chl ori nat ed 1 Year
Rubber M ner al 2029 1.8 10- Rust
Chl ori nat ed Sand 1/16" undercut @ Scribe
Rubber 2029 3.0 8- Chal k
70% Loss in Goss @
1 Year
[ norgani ¢ Carbol I ne G- 40 CZ 6.0 10- Rust
Zinc Steel Git 6- Chal k
Vi nyl 935TC 2.0 81% Loss in Goss @
Copol yner 1 Year. Topcoat
Ti ecoat Del am nation @ 45
vinyl 938 1.5 Months. See Photo 2.1
Copol ymer M ner al 10- Rust
vinyl Sand 938 4.0 6- Chal k
Copol yner 81% Loss in Goss @
1 Year. Topcoat
Del am nation @ 45
Mnths. See Photo 2.1
[norganic  Carboline A-40 T 3.0 10- Rust
zinc Steel Git 8- Chal k
Pol yam de 191HB 6. 2 77% Loss in Goss @
0X 1 Year
vod” K um P- 62 1 8
Ol Akyd
Mod. Medi um GP- 62 0.8
Ol Akyd
Inorganic  Carboline M ner al CZ 7.8 10- Rust
Zinc Sand 9- Chal k
Pol yam de 191HB 6.2 30% Loss in Goss @
1 Year
APSES i 132 4.0
Pol yur et hane
Al phatic 132 4.5
Pol yur et hane
Inorganic  Carboline 3-40 C1 6.0 Failed @24 nonths
zinc Steel Git 6-Chalk @1 Year
Chl ori nat ed 3630 2.1 95% Loss in oss @
Rubber 1 Year
Chl ori nat ed M ner al 3630 0.5 Failed @24 nonths
Rubber Sand 6- Chal k
Chl ori nat ed 3630 3.0 95% Loss in oss @
Rubber 1 Year. See Photo 2.4

12
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Table | (con't )

Inorganic  Devoe a-40 304 5.0 10- Rust
zinc Steel Git 9-Chalk @1 Year
vi nyl MD4368 0.8 6% Loss in GLOSS @
Ti ecoat 1 Year. 64% @2 Years
Vi nY. M4361 1.0
Acrylic
vi nyl M ner al MD- 4361 3.0 10- Rust _
Acrylic Sand 1/32" undercut @ scribe
9- Chal k
3% Lossin Goss @
1 Year. 60% @2 Years
Inorganic  Devoe GL-40 304 7.0 10- Rust
zinc Steel Git 4- Chal k
Pol yam de 224 7.8 4-Erosion
Epoxy 88% Loss in Goss @
2 Mnths. Pinholes
From Topcoat Erosion.
Inorganic  Devoe M ner al 304 6.0  Conplete Farlure of
Zinc Sand Topcoat. Cracking/
Pol yam de 224 7.0 A |%at| ng. See Photo
. Epoxy No. 2.5.
Silicone MD3925 4.0 |o-Rust
Al kyd
Silicone MD3925 8.9
Al kyd
Inorganic  Eevoe G- 40 304 5.0 To-Rust
Zinc Steel Git 8-Chalk @1 Year
Pol yam de 2 2 4 8.0 96% Loss O Gloss @
Epox 10 14Months. Scne  Under -
actyl e M ner al 229 8.0 cutting @Scribe &
Epoxy Sand Pi nhol es from Erosion.
Inorganic  Henpel G-40 1570 3.6 10-Rust
zinc Steel Git 2-Chalk @9 Months
Pol yam de HB4520 3.0  96% Loss in Gloss @
Fcw? 4 Months
Pol yam de 5534 3.8
Epoxy
Inorganic  Henpel A-40 1570 3.6 To-Rust
zinc Steel Git 8-Chalk @1 Year
Pol yam de HB4520 3.5 84%Loss in Goss @
Epox 7 Mont hs
Ryt 5214 3.5

13



Table I(con't)

Inorganic  Henpel G-40 1570 3.6 T0-Rust

Zinc Steel Git 9-Chalk @1 Year
Pol yam de HB4520 3.8 31%Loss in Goss @

Epox 1 Year
Sil1cone 5372 3.0
Al um num
(H gh Heat)
Inorganic  Inperial G-40 990 5.3 To-Rust

zinc Steel Git 6-Blisters (Few) @
vi nyl 177 3.4 20 Months
Ti ecoat 8-Chalk @1 Year
vinyl 321 3.0 Goss Not Evaluated,
Topcoat Flat Finish.
I norgani ¢ [ per 1 al a-40 555 5.0 10-Rust

Zinc Steel Git 4-Chalk @9 Mnths
Pol yani de 1200 6.8 1/8" Undercut @ Scribe
Epoxy Gloss Not  Eval uat ed,

Flat Finish.

Inorganic  Inperial GL-40 555 4,2  To0-Rust

zinc Steel Git 6-Chalk @1 Year
Pol yam de 1200 9.6 70% Loss in Goss @
Epox 1 Year.

ARy 88 5.2
Inorganic  Inperial GL-40 000 4.5 10-Rust

zinc Steel Git 8-Chalk @1 Year
Pol yam de 1200 60% Loss in Goss @
Enox 1 Year, However No
S|Ff | Xone 84 Change in Goss for
Al kyd 2nd Year.
Inorganic  Inperial GL-40 555 4.4 10-Rust

zi nc Steel Git 9.5-Chalk @1 Year
Pol yam de 1200 5.4 1/16" Undercut @ Scribe

Epoxy 19% Loss in Goss @
Al'i phatic 1001 2.1 1 Year.
Pol yur et hane
Inorganic  Inperial G- 40 555 4.7 To-Rust

zinc Steel Git 8-Chalk @1 Year

vi nyl 177 2.9 1/8" Undercut @ Scribe
Ti ecoat 49% Loss in Goss @
Chl ori nat ed 890 1.9 1 Year.

Rubber (Acrylic)

14



Table | (con't)

I norganic International GL.-40 2410/ 11 2.0 To-Rust
Zinc Steel Git 8-Chalk @1 Year
vi nyl 846 1.9  79% Loss in Goss @
vi nyl 3508 1.5 1 Year.
Acrylic
Vi n?lll M ner al 3508 1.0 10-Rust
Acrylic Sand 8-Chalk @1 Year
77% Loosing G oss @
1 Year.
Inorganic International G.-40 24107'11 2.5 9-Rust _
zinc Steel Git 1/4" undercut @ Scribe
Vinyl Wash 1757/ 58 1.0 9-Chalk @1 Year
Primer 69% Loss in Gloss @
Aliphatic 2202/ 14 2.5 1 Year.
Pol yur et hane
Al phatic M ner al 2202/ 14 3.5 9-Rust.
Pol yur et hane Sand 9-Chalk @1 Year
72% Loss in Gloss @
1 Year. Total Topcoat
Del am nation @5 Years
3 1/2" Underecut. See
Photo 2.6.
Inorganic International G.-40 2410711 2.3 9-Rust
zinc Steel Git 4- Checking. See 2.6.
Vinyl Wash 1757/ 58 1.0 9-Chalk @1 Year
Pri mer 40% Loss doss @
Aromatic 859 2.5 1 Year.
Pol yur et hane
Aromatic M ner al 859 2.0 9-Rust
Pol yur et hane Sand 4- Checki ng
9-Chalk @1 Year.
39% Loss in Goss @
1 Year.
Inorganic International G.-40 2410/ 11 2.0 10 Rust-Pinholes from
zinc Steel Git erosion of topcoat.
Pol yam de 8967/ 16.0 4-Chalk @3 Months.
Epoxy 1539 80% Loss in Gloss @
3 Months.
M ner al | 0- Rust
Sand 4-Chalk @4 Months.
87% Loss in Gloss @
3 Months.
Inorganic  Mobile GL- 40 26DH0 1.8 To-Rust
zinc Paint Mg. Steel Git 1/32" Undercut @ Scribe
vi nyl 5DR5 1.6 2-Chalk @9 Months.
vi nyl 5DW2 2.6 doss Not Eval uated,

Fl at Finish.

15



Table | (con't)

Inorganic  Mobile a-40 28DHL0 1.6 10- Rust .
- |Zi nc.OI Paint Mg.  Steel Git 10AD2 6 4-Cha|Ckh @k5 Mont hs.
m . me  Checkin
° yﬁx ° 38% Loss In %oss @
PoF?am'yde 513-17 2.7 1 Year.
Epoxy
Inorganic  Mbile GL-40 28DHo0 1.2 10- Rust
zinc Paint Mg. Steel Git 9-Chalk @1 Year
Pol yam de 40AH22 6.2 Some Checki ng
Epoxy 80% Loss in Gloss @
APkyd 28DR105 2.7 1 Year.
Ti ecoat
Al kyd 5010- 16 4.1
Topcoat
Inorganic  Mobile a-40 28DHS0 1.2 10- Rust
zinc Paint Mg. Steel Git Topcoat Delamnated @
Pol yam de 40AH20 6.3 44 Nonths. Topcoat
Epox Applied in Error.
Pol yvi Xyl 5DW2 4.2
Chloride
Inorganic _ Mbile G- 40 28DHL0 1.1 [0- Rust
zinc  Paint Mg. Steel Git 5-Chalk @5 Mnths
Chl ori nat ed 548- 16 2.0 3 oss Not Eval uated,
Rubber Flat Finish.
Chl ori nat ed 548- 16 3.5 Some Checki ng.
Rubber
I nor gani ¢ Mobr | G- 40 13F12 2.2 10- Rust
zinc Steel Git 1/4" Undercut @ Scribe
Vinyl 80R8 0.7 4-Chalk @1 Year.
vinyl 83F34 5.3 90% Loss in Goss @
vinyl 80F34 3.2 9 Mont hs.
M ner al 10- Rust
Sand 4-Chalk @1 Year.
90% Loss in Goss @
9 Mnt hs.
Inorganic  Mbil G-40 13F12 2.5 | 0- Rust
zi nc Steel Git Sone Erosion of Topcoat
Pol yam de 89F12 6.5 4-Chalk @5 Mont hs.
Epox 90% Loss of Goss @
Pol Bamyde 84F34 1.6 4 Mont hs.
Epox
POxY M ner al 10- Rust
Sand 4-Chalk @5 Months.

16
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Table | (con't)

I nor gani ¢ Mobr | Ga-40 13F12 2.5 To-Rust
Zinc Steel Git 9-Chalk @1 Year.
Pol yam de 89F15 9.0 71%Loss in Goss @
Epoxy 1 Year.
AFkyd M ner al 20F34 1.5 lo-Rust
Sand 8Chalk @1 Year.
68% Loss 3 oss @
1 Year.
I nor gani ¢ VoD | G- 40 13F12 2.4 10-Rust
zinc Steel Git 9-Chalk @1 Year.
Pol yam de 89F15 9.2 40% Loss in Goss @
FIDO 1 Year.
A pﬁZti c M ner al 40V 2.8  10-Rust
Pol yur et hane Sand 8-Chalk @1 Year.
40% Loss in Goss @
1 Year.
| nor gani ¢ Mobi | G-40 13F12 2.0 To-Rust
zinc Steel Git 9-Chalk @1 Year.
Pol yam de 89F15 8.3 46% Loss in Gloss @
Epox 1 Year.
Wt r| %orne M neaal 42F34 .5 lo- Rusltk
Acryli - .
crytie San 26%(:\1_%33 @anY%%rs @
1 Year.
I nor gani ¢ Mobi | a-40 13F12 2.2 10-Rust,Biistering &
Zinc Steel Git Conpl ete Failure of
Chl ori nat ed 27F15 4.0 Topcoat @56 Mnths
Rubber 9-Chalk @1 Year.
Chl ori nat ed 28F34 2.8  71% Loss of Goss @
Rubber 1 Year. See Photo 2.8.
M ner al 10-Rust, No Topcoat
Sand Fail ure.
8- Chalk @1 Year.
70% Loss in Goss @
1 Year.
I nor gani ¢ Napko G- 40 1375 4.7 10-Rust _
zinc Steel Git 1/8" undercut @ Scribe
Copol yner 1340 1.8 9-Chalk @1 Year,
Ti ecoat (3 oss Not Eval uated,
vi nyl 5452 2.8 Flat Finish.
Topcoat
I norgani ¢ Napko GL- 40 1375 4.5 To-Rust
zinc Steel Git 9-Chalk @1 Year.
Vi nyl 5437 2.3 @doss Not Evaluated,
vinyl 5452 2.3 Flat Finish.
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Table | (con't)

I nor gani ¢ Napko G-40 1375 5.5 To-Rust
zinc Steel Git 1/32" Undercut @ Strike
Cat al yzed 5802 5.2 g-l(();hatlk @7 l\ébnt hs.@
0 Loss in @ oss
Epoxy 2 Mont hs.
| norgani ¢ Napko A-40 1375 4.9 10-Rust.
zinc Steel Git 1/32" Undercut @ Scribe
Pol yam de 5616 2.4 8-Chalk @1 Year.
Epoxy 90% Loss in oss @
ARyt 4318 1.0 9 Mnths.
| nor gani c Napko G- 40 1375 5.8 To-Rust
zinc Steel Git 1/4" Undercut @ Scribe
Chl ori nat ed 8- 4137 3.0 9-Chalk @1 Year.
Rubber 74% Loss of Goss @
Chl ori nat ed 8- 4137 2.6 1 Year.
Rubber
I norgani ¢ Napko GL-40 1375 5.7 To-Rust
zinc Steel Git 1/4" Undercut @ Scribe
Pol yam de 5616 1.6 9.5-Chalk @1 Year.
Epoxy 15% Loss of G oss @
PoPyuret hane 5909 2.5 1 Year.
I norgani ¢ Napko a-40 1375 5.4 Topcoat Delam nafed
zinc Steel Git from I norganic Zinc
H gh Build 8-4144 3.4 @18 Mnths.
Pol yur et hane 9.5-Chalk @1 year.
Pol yur et hane 5909 3.5 17%Loss of Goss @
1 Year. See Photo 2.4
(Left Panel # 6-109)
I norgani ¢ Porter GL-40 3ol 3.0 To-Rust
zinc Steel Git 2-chalk @9 Mnt hs.
Vinyl Wash 1799 0.5 @doss Not Eval uated,
Priner Flat Finish.
vi nyl 3710 2.0
I nor gani ¢ Porter M ner al 351 3.0 lo-Rust
y 2||nc\M ; Sand 1799 0 1/ %25 gﬂdlelicut @ Scribe
In S .9 . 5-Cha Year
pr?/m;r 23% Loss of @Gloss @
Aliphatic 4674 2.0 1 Year.
Pol yur et hane
[ norgani ¢ Sherw n- GL-40 A618I/ B69 10- Rust
zinc Wlliams  Steel Git | /16" . Undercut @ Scribe
H gh Build B69A26 6-Chalk @1 Year.
vi nyl (Total DFT) Glposs Not Eval u-

ated, Flat Finish.
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Table | (con't)

I nor gani ¢ Sherw n- G-40  ApI81/BoY [0-rest
zinc Wlliams  Steel Git 7.7 1/3" Undercut @ Scribe
Epoxy B6OW0 (Total DFTZ) 4-Chalk @7 Months.
1% loss of Goss @
2 Mont hs.
I nor gani ¢ Sher w n- GL-40  AeI8I/BGY 7- Rust
zinc Wlliams  Steel Git 1 1/2" Undercut @ Scribe
Epox B6IN70 6-Chalk @1 Year.
ARy B53VL0 1.5  89%Loss OF Gless @
(Total DFT) 7 Months.See Photo 2.3
I nor gani ¢ Sher w n- GL-40 Ac1817B69 9- Rust
zinc Wlliams  Steel Git 1/2" Undercut @ Scribe
Epoxy B69IN/0 8-Chalk @1 Year.
Al phatic F63WL3 14 62% Loss of Gloss @
(Total DFT) 1 Year.
I norgani ¢ Sherw n- a-40 A61817B69 [ 0- Rust
Zinc Wliliam Steel Git 1/32" Undercut @ Scribe
Chl ori nat ed B69WL7 9-Chalk @1 Year.
Rubber 67% Loss of Gloss @
Chl ori nat ed B69WL7 8.5 1 Year.
Rubber (Total DFI)
Modi 1 ed SIgma G- 40 7552 2.3 10-Rust
| nor gani ¢ Steel Git Al'l'i gating/ Pinhol es
zinc 56 Mnths. Conplete
Pol yam de 7430/ 5.1 Topcoat Failed @ 66
Epox) 2190 Mont hs.
Poant de 7425] 3.6 2-Chalk @5 Nonths.
Epoxy 7000 95% Loss of Goss @
5 Months.
Modi 11 ed SIgma G- 40 7552 2.3 To-Rust
| nor gani c ' Steel Git 1/32" Undercut @ Scribe
Zinc 9-Chalk @1 Year.
Pol yam de 7430/ 6.6 56% Loss O Gloss @
Epoxy 2190 1 Year.
Silicone 7238/ 0.7
Al kyd 7000
ModiT1ed SIgma Q- 40 1552 2.6 To-Rust
| nor gani c Steel Git 4- Checkin
zinc 9.5-Chal k %1 Year.
Pol yam de 7430/ 7.4 7% Loss of Gloss @
AFpOX . 2190 1 Year.
| phXH C 7520/ 1.9
Pol yur et hane 7000
Modified  Sigm a-40 7552 2.5 To-Rust
| nor gani c Steel Git 4- Checkin
zinc 8-Chalk @1 Year.
Chl ori nat ed 7311/ 3.5 60% Loss of Gloss @
Rubber 200 1 Year.
Chl ori nat ed 7310/ 3.4
Rubber 200
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2.1 .5.1 Corrosion Protection

Wth mnor exceptions, nost of the systens tested continue to
provide adequate corrosion protection as concerns ASTM Rust
G ades. The primary difference seens to be in the degree of
undercutting even though no precise conclusions can be drawn.
The follow ng Table summarizes the results:

Table Il: Summary of Undercutting
Under cut ting Percent of Systens
Wth Undercutting
I norgani ¢ Zinc 4 of 12 Systens Tested 33%
Epoxy
I norgani ¢ Zinc 3 of 11 Systens" Tested 27%
Eroxy
kyd
[ norgani c Zinc 4 of 7 Systems Tested 57%
Epoxy
Pol yur et hane
Inobganic Zi nc 5 of 10 Systens Tested 50%
nyl
| norgani c Zinc 4 of 8 Systens Tested 50%

Chl ori nat ed Rubber
2.1.5.2. Chalk Ratings

Table I contains chalking information. In addition, exterior test
results at 6,12 and 18 nonths conpared to the same systens eva-
luated for 1000 hours in a carbon arc Light-and-Water Apparatus
are contained in the follow ng table:

Table 111: Chal k Evaluation Results
Test Fence** Test Appar at us

6 Months 1 year 18 Mont hs 1000 Hours
Epoxy 4.1 4.1 3.9 4.0
Al kyd 8.8 7.9 8.0 8.7
Silicone Al kyd 9.3 9.1 9.1 9.1
Ali phatic 9.5 9.1 8.1 9.4
Pol yur et hane
Vi nyl 8.3 6.1 6.2 8.0
Chl ori nat ed 8.5 7.7 5.4 8.8
Rubber

*Only finish coats are listed
**Average of all systens tested
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From these tests, 1,000 hours in the accelerated test chanmber
appears to approximate six nonths on the test fence. Wth nost
systens, mnor phan%e in chal king occurred after six nonths. The
de?ree of chal king by generic type ?eneraLIy follows the accepted
rules for chal king except for the aliphatic polyurethane. O the
materials tested, the silicone alkyd materials outperformed the
pol yur et hane.

2.1.5.3 @ oss Results

Table | |presents gloss information as a percent |oss of gloss
wth time. It was necessary to normalize the data in this manner
to provide neaningful results because ?L_Lhe_dee_hvariance of
initial gloss readings. The graphs in|Figure 2.2 also conpare
|l oss of gloss with tine under both accelerated conditions and
after exterior test fence exposure. These are selected exanpl es
and not averages of all systens tested. One year on the test

fence provided reasonable correlation with 1000 hours in the test
chanber.

2.1.5.4 Overall System Performance

O the systens tested, the only generic type supﬂlied from two
different sources which failed by the same nmechani sm was the
chlorinated rubbers. This may be coincidence; however, the re-
sults do sonewhat correlate with the original performance study
(Reference 3).1n that study, chlorinated rubbers did not appear
to performas well as sone other generic types. Vinyl wash prinmer
wi th pol yuret hanes and high build pol yurethane both failed in
this test program however, nost suPﬁllers no |onger recommend
these systens. The epoxy and epoxy/al kyd systems which failed at
66 nonths may be indicative of the useful life of these generic
types; owever umer ous ot her epoxy systens are continuing to
perform | Table IV summaries the results of total system failures.
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Table 1V. Total System Failure Mdes

Ceneric System %St ens Ti me Fai l ure Mde
Fai | ed/ Test ed

Epoxy/ Silicone Al kyd | of 4 66 nonths Checki ng(Photo 2.5)

Epoxy/ Al kyd | of 7 66 months Del ami nation from
Scribe (Photo 2.3)

Vinyl Wash Priner/ | of I 60 nonths Undercutting from

Al i phatic Pol yurethane Scribe (Photo 2.6)

H gh Build Urethane/ | of | 18 nonths Del amination of

Al i phatic Pol yurethane Topcoat from Pri mer

Vinyl \Wash Primer\ | of I 66 nonths Checki ng(Photo 2.7)

Aromatic Pol yuret hane

Chl ori nated Rubber 20f 8 | @24 nonths Topcoat Del amination
| @56 nonths Conpl ete Topcoat
I;a|8) ure(Photo 2.4 &
Epoxy 1 of 10 56 nmonths Al gati ng\ checki ng
Vi nyl |l of 9 45 months Topcoat Del ami nation
(Photo 2.1)

*Al'l systens primed with inorganic zinc.

v 7

L R S

Figure2.3: Undercutting of Epoxy/AI kyd &)afﬂi ﬁg éyéterh
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Figure 2.4: Failure Mbde of Hgh Build Polyurethane and
Chl orinated Rubber Panels
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2.2 Citric Acid O eaned Verses Abrasive Blast C eaned Panels

There were two different series of exterior test fence exposures
of tested prinmers. The first was a direct conparison of priners
aPpIied to both citric acid cleaned panels and abrasive bl ast
cl eaned panels. The second was a test to conpare citric acid as
a touch-up surface preparation technique to the wdely used power
tool cleaning touch-up technique. The paragraphs which follow
di scuss each series in detail.

2.2.1 Primer Test
2.2.1.1 Test Panel Preparation

One hundred prinmers representing seventeen generic types were
subnmitted by ten supplier. Test panels of A-36 steel neasuring 6"
X 18" were first descaled and then allowed to rust for appro-
Xi mately eight weeks by exposure in an outside industrial, marine
envi ronnent. Following aged rusting, the panels were divided
into two groups. The first group was abrasive blasted to Steel
Structures Surface Preparation Standard, SSPC SP 10, "Near Wiite
Blast," and the second group was cleaned utilizing a citric acid
rocess. The selected priners were then applied to panels cleaned
y each process. Both panels within a set were sprayed at the
same tine in an effort to duplicate actual film thicknesses. No
inhibitors were used with the citric acid process.

2.2.1.2 Test Environnent and Eval uation Techni que

The resulting prinmed panels were then placed on the test fence at
45 Degrees South for 66 nonths. Rust grades were determned in
accordance with ASTM D610.

2.2.1.3 Priner Test Results

Table VI contains detail application data and performance rating

of each primer tested. There were no difference in the performn-
ce of post cure inorganic zincs and only mnor differences in the
wat er based inorganic zincs applied over both surface preparation
nethods. The abrasive bl asted priners again showed a slightly
inferior performance. The remainder of the other types of zinc
rich primers also denonstrated al nost identical results. [Table V
contains a sunmary the results for sonme of the generic t\
priners. As stated earlier no attenpt should be nmade to conpare
performance between prinmers of the same generic type and diffe-
rent suppliers or different generic types without taking into
account the actual filmthickness of the applied materials and
the design purpose of each material.
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Table V: Gtric Acid/ Abrasive Blast Performance Summary

Generic Priner Average Rust G ade
Gitric Acid Abrasive Bl ast
Al kyl Inorganic Zinc 9.6 9.5
One Conponent Inorganic Zinc 8.2 6.3
Wat er Based | norganic Zinc 9.3 8.2
Post Cured Inorganic Zinc 10 9.3
One Conponent Epoxy Zinc Rich 8.3 7.0
Two Conponent Epoxy Zinc Rich 8.6 7.0
One Conponent Epoxy Priner 4.4 3.6
Pol yam de Epoxy Pri mer 5.8 4.9
Pol yam ne Epoxy Priner 7.5 7.3
Epoxy Ester Primer 7.7 4.5
Al kyd Pri mer 7.3 6.5
Vinyl Priner 4.7 3.8
Chl orinated Rubber Priner 4.6 5.0

The average performance of all the primers applied over abrasive
bl asted surfaces was inferior to the performance of those-applied
over citric acid. The nean performance of abrasive blast was 6.2,
?nﬁlthe mean for citric acid was 7.1. The averaged results are as
ol | ows:

ABRASI VE BLAST CITRIC ACID
Mean 6.2 7.1
St andard Devi ation 3.8 3.4
Vari ance 14. 3 11.6
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TABLE VI

Various Generic Primers Applied to Abrasive Blast Cleaned and Citric Acid
Cleaned Panels After 66 Months Exposure On Exterior Test Rack (45 Degrees)

GENERIC SUPPLIER PRODUCT SURFACE FITIM ROST
TYPE NO. PREPARATION THICKNESS GRADE

Alkyd Inorganic Zinc Ameron D-9 Abrasive Blast 4.8 9
Solvent Base ) Citric Acid 4.8 9
Alkyd Inorganic Zinc Byco 101 Abrasive Blast 2.8 8
Solvent Base Citric Acid 2.4 8
Alkyd Inorganic Zinc Carboline Czll Abrasive Blast 4.2 10
Solvent Base Citric Acid 4.2 10
Alkyd Inorganic Zinc Carboline CWll Abrasive Blast 1.6 Failed 32 Mo
Solvent Base Citric Acid 1.4 10 @ 32 Mo
Alkyd Inorganic Zinc Devoe 304 Abrasive Blast 2.6 10
Solvent Base Citric Acid 2.6 10
Alkyd Inorganic Zinc Farboil 114 Abrasive Blast 3.0 9
Solvent Base Citric Acid 2.7 9
Alkyd Inorganic Zinc  Imperial 555 Bbrasive Blast 3.0 10
Solvent Base Citric Acid 2.7 10
Alkyd Inorganic Zinc International QHAO27/ Abrasive Blast 4.6 10
Solvent Base QHAO28  Citric Acid 4.7 10
ATKYD Inorganic Zinc Mobil 13Fr12 Abrasive Blast 1.8 10
Solvent Base Citric Acid 1.6 10
Alkyd Inorganic Zinc Napko 1375 Abrasive Blast 4.1 9
Solvent Base * Citric Acid 4.2 10
Alkyd Inorganic Zinc Porter 351 Abrasive Blast 2.2 10
Solvent Base Citric Acid 2.1 10
Mcodified Alkyd Devoe 302R Abrasive Blast 3.2 6
Inorganic Zinc Citric Acid 3.0 8

One Canponent Ameron 160 Abrasive Blast 3.2 9
Inorganic Zinc Citric Acid 3.2 9

One Canponent Ameron 2155 Abrasive Blast 4.1 6
Inorganic Zinc Citric Acid 3.6 9

One Canponent Byco 102SP92 Abrasive Blast 6.8 9
Inorganic Zinc Citric Acid 6.5 9

Cne Canponent Devoe 306 BAbrasive Blast 3.8 4
Inorganic Zinc¢ Citric Acid 4.0 9

One Camponent Devoe 308 Abrasive Blast 1.7 Failed 18 Mo
Inorganic Zinc Citric Acid 1.4 8@ 18 Mo
Cne Canponent Devoe 309 Abrasive Blast 2.6 )
Inorganic Zinc Citric Acid 2.0 9

One Canponent Imperial  .545.... _Abrasive Blast 5.1 10
Inorganic Zinc Citric Acid 3:6 10

Cne Canponent International NOA200 Abrasive Blast 3.1 Failed 18 Mo
Inorganic Zinc Citric Acid 3.0 Failed 18 Mo
One Canponent Mobil 13G10 Abrasive Blast 2.9 7
Inorganic Zinc Citric Acid 2.4 10

One Component Napko - 1301 Abrasive Blast 6.0 9
Inorganic Zinc Citric Acid 5.4 9
Water Based, Self Ameron D-4 Abrasive Blast 4.1 10
Cure, Inorganic Zinc Citric Acid 4.1 10
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Table VI (cont _'d)

GENERIC SUPPLIER  FRODUCT SURFACE FIIM ROST
TYPE NO. PREPARATION THICKNESS GRADE
Water Based, Self Devoe 305 Abrasive Blast 4.3 9
Cure, Inorganic Zinc Citric Acid 3.5 10
Water Based, Self Farboil 76 Abrasive Blast 5.0 10
Cure, Inorganic Zinc Citric Acid 4.5 10
Water Based,Self International TQA00l/ Abrasive Blast 3.1 10
Cure, Inorganic Zinc TOAQ02 Citric Acid 3.0 10
Water Based, Self Mobil 46F1 Abrasive Blast 4.3 Failed 3 Mo
Cure, Inorganic Zinc Citric Acid 3.8 6
Water Based,Self Napko 1371 Abrasive Blast 5.1 10
Cure, Inorganic Zinc Citric Acid 5.3 10
Post Cure, Ameron D-3 Abrasive Blast 4.6 10
Inorganic Zinc Citric Acid 4.3 10
Post Cure, Napko 1361 Abrasive Blast 3.3 10
Inorganic Zinc Citric Acid 3.1 10
One Camponent Byco 150-1 Abrasive Blast 4.1 8
Epoxy Zinc Rich Citric Acid 3.6 10
One Camponent Imperial 512 Abrasive Blast 3.6 8
Epoxy Zinc Rich Citric Acid 2.9 9
One Canponent International ETA441 Abrasive Blast 3.0 Failed 3 Mo
Epoxy Zinc Rich Citric Acid 2.8 58 3 Mo
One Camponent Mobil  518F208 Abrasive Blast 4.0 10
Epoxy Zinc Rich Citric Acid 2.9 10
One Camnponent Napko 1355 Abrasive Blast 9.4 7
Epoxy Zinc Rich Citric Acid 9.2 9
One Camponent Porter 309 Abrasive Blast 3.4 10
Epoxy Zinc Rich Citric Acid 3.3 10
Two Ccamponent Byco 150-5 Abrasive Blast 4.5 9
Epoxy Zinc Rich Citric Acid 4.3 9
Two Camponent Farboil 28 Abrasive Blast 2.4 Failed 32 Mo
Epoxy Zinc Rich Citric Acid 2.3 5
Two Camnponent Mobil 13F4 Abrasive Blast 2.4 7
Epoxy Zinc Rich Citric Acid 2.3 9
Two Ccmponent Napko 5614 Abrasive Blast 5.5 9
Epoxy Zinc Rich Citric Acid 5.4 10
Two Camponent Porter 308 Abrasive Blast 3.8 10
Epoxy Zinc Rich Citric Acid 3.6 10
Organic Zinc, Byco 150-7 Abrasive Blast 3.7 8
Chlorinated Rubber Citric Acid 3.7 8
Organic Zinc Farboil 79 (Mil-  Abrasive Blast 3.9 9
P-1048) Citric Acid 3.9 9
One Camponent Ameron 185 Abrasive Blast 2.9 8
Epoxy Primer Citric Acid 2.7 10
One Camponent Byco 150-2 Abrasive Blast 1.7 Failed 5 Mo
Epoxy Primer Citric Acid 1.2 Failed 5 Mo
One Camponent Farboil 1E2546 Abrasive Blast 1.7 Failed 3 Mo
Epoxy Primer Citric Acid 1.3 Failed 3 Mo
One Camponent Imperial 1215 Abrasive Blast 2.3 Failed 13 Mo
Epoxy Primer Citric Acid 1.9 4@13 M
One Camponent International NEA200 Abrasive Blast 2.8 8
Epoxy Primer Citric Acid 2.6 8
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TABLE VI({con t)

One Camponent Napko 1340 Abrasive Blast 2.6 10
Epoxy Primer Citric Acid 2.6 10
Polyamide Ameron 71 Abrasive Blast 3.2 7
Epoxy Citric Acid 2.9 8
Polyamide Carboline 193 Abrasive Blast 4.0 Failed 66 Mo
Epoxy Citric Acid 3.8 Failed 66 Mo
Polyamide Devoe 202 Abrasive Blast 2.0 7
Epoxy Citric Acid 2.2 7
Polyamide Devoe 208 Abrasive Blast 2.1 6
Epoxy Citric Acid 1.8 Failed 32 Mo
Polyamide Devoe 230FD Abrasive-Blast 6.1 10
Epoxy Citric Acid 5.4 10
Polyamide Farboil 4202 Abrasive Blast 2.0 Failed 13 Mo
Epoxy Citric Acid 1.8 5@13 Mo
Polyamide Farboil NAVY Abrasive Blast 3.9 7
Epoxy For. 150 Citric Acid 3.4 8
Polyamide Imperial 1219 Abrasive Blast 5.7 9
Epoxy Citric Acid 5.3 10
Polyamide International EPA0061\ Abrasive-Blast 3.9 Failed 32 Mo
Epoxy EBA744 Citric Acid 3.7 7 @ 32 Mo
Polyamide Mobil 65T1\ Abrasive~Blast 4.0 Failed 32 Mo
Epoxy 65F15B Citric Acid 3.6 Failed 32 Mo
Polyamide Napko 5616 Abrasive Blast 2.0 5
Epoxy Citric Acid 2.2 6
Polyamide Porter 4300 Abrasive Blast 2.2 6
Epoxy MCR43 Citric Acid 2.4 7
Polyamide Porter 24770 Bbrasive Blast 2.5 7
Epoxy Citric Acid 2.8 8
Polyamine Ameron 2156 Abrasive Blast 4.9 9
Epoxy Citric Acid 5.4 9
Polyamine Byco E-Prime Abrasive Blast 6.8 9
Epoxy 60 Citric Acid 5.8 9
Polyamine Carboline  187HFP Abrasive Blast 7.0 6
Epoxy Citric Acid 7.6 7
Polyamine Mobil  71F84B\ Abrasive Blast 2.6 Failed 32 Mo
Epoxy 71T1 Citric Acid 2.7 Failed 32 Mo
Polyamine Mobil  264F25\ Abrasive Blast 3.9 10
Epoxy 264124 Citric Acid 3.9 10
Polyamine Napko 5628 Abrasive Blast 3.5 10
Eroxy Citric Acid 3.5 10
Polyamine Porter 7650 Abrasive Blast 2.0 6 @ 7 M
Epoxy Citric Acid 1.8 787 M
Epoxy Ester Byco 360-1 Abrasive Blast 3.2 9
Citric Acid 3.1 9
Epoxy Ester - Farboil 8229 Abrasive Blast 1.8 Failed- 32 Mo
Citric Acid 2.2 6 @ 32 Mo
Alkyd Byco 400-2 Abrasive Blast 2.5 7
Citric Acid 2.5 8
Alkyd Farboil 1253 Abrasive Blast 3.3 7
Citric Acid 3.0 8
Alkyd Farboil 6031 Abrasive Blast 2.3 7
Citric Acid 2.1 8
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Table VI (cont’d.)

GENERIC SUPPLIER  PRODUCT SURFACE FITM RUST
TYPE NO. PREPARATION THICKNESS GRADE
Alkyd Imperial 62 Abrasive Blast 2.9 8
Citric Acid 2.7 8
Alkyd International CPA476 Abrasive Blast 2.4 6
Citric Acid 2.2 7
Alkyd Mobil 53R1 Abrasive Blast 2.8 3
Citric Acid 2.8 3
Alkyd Napko 1313 Abrasive Blast 2.7 7
Citric Acid 3.0 9
Alkyd Porter 297 Abrasive Blast 2.5 7
Citric Acid 2.6 7
Vinyl Ameron 86 Abrasive Blast 1.6 Failed 4 Mo
Citric Acid 1.0 Failed 4 Mo
Vinyl Ameron 33 Abrasive Blast 2.4 Failed 7 Mo
Citric Acid 2.0 Failed 7 Mo
Vinyl Byco 600-2 Abrasive Blast 2.2 7
Citric Acid 1.7 7
Vinyl Carboline 8HB Abrasive Blast 2.8 Failed 32 Mo
) Citric Acid 2.9 6 @ 32 Mo
Vinyl Farboil 66008 Bbrasive Blast 3.2 6
Citric Acid 3.1 5
Vinyl International VX000 Abrasive Blast 3.3 10
Citric Acid 3.0 10
Vinyl Wash Primer Porter VC17 Abrasive Blast 1.2 Failed 3 Mo
Citric Acid 0.9 Failed 3 Mo
Chlorinated Carboline 3631 Abrasive Blast 2.3 6
Rubber Citric Acid 2.4 6
Chlorinated Devoe MD3500 Abrasive Blast 1.7 Failed 13 Mo
Rubber Citric Acid 1.6 Failed 13 Mo
Chlorinated Farboil 58ACG Abrasive Blast 1.9 Failed 32 Mo
Rubber Citric Acid 1.6 Failed 32 Mo
Chlorinated Imperial 880 Abrasive Blast 4.8 7
Rubber Citric Acid 5.0 6
Chlorinated International LPA300 Abrasive Blast 2.8 4
Rubberxr . Citric Acid 2.8 4
Chlorinated Mobil 67F34 Abrasive Blast 3.9 9
Rubber Citric Acid 4.2 9
Chlorinated Napko 5202 Abrasive Blast 4.2 6
Rubber , Citric Acid 4.1 6
Ketamine Devoe 244HS Abrasive Blast 3.7 8
Fpoxy Citric Acid 3.3 6
Bituminous Devoe 4314 Abrasive Blast 2.5 Failed 13 Mo
Citric Acid 2.3 Failed 13 Mo
Bituminous International JAAQ21 Abrasive Blast 3.8 10
Citric Acid 3.6 10
Phenolic~Vinyl International NFA081 Bbrasive Blast 2.1 8
Citric Acid 2.1 8
Water Borne Byco 500-1 Abrasive Blast 2.4 Failed 7 Mo
(Bmlsion) Citric Acid 2.1 Failed 7 Mo
Water Borne Farboil 8285 Abrasive Blast 3.1 Failed 32 Mo
(Emulsion) Citric Acid 3.1 Failed 32 Mo
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2.3 Touch-Up Surface Preparation Test
2.3.1 Test Panel Preparation

Twenty different priners representing twelve generic types were
sel ected at random for the touch-up surface preparation test.

The test panels were 6" X 18", A-36 steel panels ich were first

abrasive blasted to Steel Structure Painting Council Surface
Preparation Standard SSPC SP 10, "Near Wite Blast” and then
primed. Each prinmer selected was applied to the top and bottom
third of two each, steel panels. The center third was |eft bare.

Following cure of each coating, a 3/4" weld was nmade through a
portion of the coating and into the unpainted area. See Figures
2.9 for an exanple of a panel prior to exposure. The prepared
panels were then placed on an exterior test rack at 45 South for
ten weeks and allowed to rust. After the exposure period, t he
panels were renoved fromthe rack and one panel from each set was
touch-up <cleaned wusing a citric acid spray technique, and one
panel from each set was power tool cleaned in accordance with the
procedure defined for erection joints in "Catalog of Existing
Smal | Tools for Surface Preparation and Support Equi pment for
Blasters and Painters." During the citric acid operation it was
noted that the citric acid reacted with the aIkKI I norganic zinc
types of priners (solvent based? and renoved the majority of the
zinc |leaving the panel essentially bare. The water based self

cure was removed to a |esser degree and the post cure inorganic
zinc was not disturbed. It must also be pointed out that the
citric process did not renove residual weld slag or heat damaged
initial primer. No attenpt was nade to supplenent the citric acid
cleaning with mechanical cleaning prior to touch-up primng. The
t ouched-up panels were preprined and placed back on the exterior
test fence at 45 South for 64 nonths.

2.3.2 Test Results of Touch-Up (Repair) Panels

Table VII contains a tabulation of the test results. The overal
performance of the citric acid touch-up cleaned surfaces was
Inferior to the power tool touch-up cleaned surfaces. Figure
2.10 al so shows a direct conparison of the performance of power
tool cleaning and citric acid cleaning(citric acid panels are on
the right in each Fanel set). The citric acid cleaned priner
failure is due to weld damaged paint. In conclusion, citric acid
cl eaning for touch-up of damaged wel d areas nust be suppl enented
with a mechanical cleaning nethod to renove residual slag, weld
splatter, and damaged paint.
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Figure 2.10: Touch-Up Panels After 64 Months Exposure
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2.4 Comparison of Various Generic Types of Primers

In addition to the observations concerning the comparison
between abrasive blast panels and citric acid cleaned panels,
several other comparisons of generic types can be drawn. For
example, the two component inorganic zincs outperformed all other
primers exposed on the test fence. With the exception of one
water based , self cured product which failed at three months,
the remainder continue to provide excellent corrosion protection.
It can also be noted that, of the systems tested, the two
component inorganic zinc primers outperformed the organic zinc
rich materials. Another Interesting finding concerns the one
component inorganic zinc primers applied over abrasive blast
cleaned panels. Two failed at 18 months with two others havin% a
rust grade rating of 4 and 6 respectively at 66 months. The alkyd
primers are good performers, surpassing the polyamides epoxies,
vinyls and chlorinated rubbers. The one component epoxy Is the
worst performer of those tested after 66 months; however, these
materials are onIK designed for 6 to 9 months protection prior to
topcoating. It should also be noted that one aluminum pigmented
bituminous primer applied 3.8 roils dry has no rust.
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Table VII: Touch-up Surface Preparation Performance of Various Primers Applied to
Either Power Tool Cleaned or Citric Acid Cleaned Prepared Panels After 64 Months

GENERIC SUPPLIER  PRODUCT SURFACE FIIM RUST
TYPE . NO. PREPARATION THICKNESS GRADE
Post Cure Ameron D-3 Power Tool 5.6 9
Inorganic zZinc Citric Acid 5.3 10
Water Based, Self Ameron D4 Power Tool 2.5 10
Cure Inorganic Zinc Citric Acid 2.1 10
Alkyd Inorganic Carboline CZ1l1 Power Tool 4.8 10
Zinc Citric Acid 4.3 10
Alkyd Inorganic Mobil 13F12 Power Tool 3.3 10
Zinc Citric Acid 2.7 10
Alkyd Inorganic Sigma 711G Power Tool 4.0 9
Zinc Citric Acid 3.4 9
Alkyd Inorganic Mobil 28DH50 Power Tool 2.3 9
Zinc - Citric Acid 1.8 9
One Component Devoe 306 Power Tool 5.6 9
Inorganic Zinc Citric Acid 4.6 10
One Component Mobil 13G10 Power Tool 2.2 Note 1
Inorganic Zinc Citric Acid 1.6 Note 2
Modified Porter 352 Power Tool 3.0 10
Inorganic Zinc Citric Acid 2.5 10
One Component Napko 1355 Power Tool 5.6 9
Epoxy Zinc Rich Citric Acid 4.5 9
Polyamide Carboline  193HB Power Tool 5.6 10
Epoxy Citric Acid 4.3 10
Polyamide Devoe 208 Power Tool 2.4 Failed 30 Mo
Epoxy Citric Acid 2.0 Failed 30 Mo
Polyamide Napko 5616 Power Tool 2.4 )
Epoxy Citric Acid 7.0 8
Alkyd Imperial 62 Power Tool 4.7 8
Citric Acid 5.4 8
One Component INT NEA200 Power Tool 3.4 10
Epoxy Citric Acid 3.3 9
Ketamine INT TTA424 Power Tool 5.9 Note 3
Epoxy Citric Acid 5.8 8

Note 1l: Failed in Repair Area

Note 2: Failed in Top Half of Panel, Repair Area Rust Grade 10
Note 3: Failed in Weld Area
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2.5 Inorganic Zinc Primers Applied Over Four Types of Abrasives

To investigate the possible inpact of abrasive selection on paint
performance, a limted test programwas initiated to test the
performance of inorganic zinc primers applied over four different
abrasives. Six alkyl inorganic zinc primers were applied to two
sets of panels prepared using a coal slag, a mneral sand, a
silica sand, and GL.-40 steel grit abrasives. Film thicknesses
within a supplier set were controlled by applying the materials
to all four panels simultaneously. Film thicknesses between sup-
plier sets ranged from2.3 to 7.0 roils. Al panels were then
exposed on an exterior test rack. After 60 days, one set was
renmoved and placed in a salt fog cabinet for 6000 hours. The salt
fog test was perfornmed in accordance with ASTM B117. After 6000
hours, all Panels had a rust grade of 10. In addition, all panels
which were l[eft exposed on the test fence for 66 nonths, within a
supplier set, had the same degree of rust. Rating between. sets
varied from9 to 10 rust grades.
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